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speech recognition system. The method comprises the following steps: marking the error characters in the result of
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on characters- shape; recognizing the stroke-based nput; displaying the candidate characters; selecting the desired
characters from the candidate characters by the user; and replacing the error characters with the selected characters,

said method characterized by further comprising steps: filtening the candidate characters by means of the acoustic
information of the error characters.
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A METHOD FOR CORRECTING THE ERROR CHARACTERS IN THE RESULT OF
SPEECH RECOGNITION
AND THE SPEECH RECOGNITION SYSTEM USING THE SAME

ABSTRACT

The invention discloses a method for correcting the error characters in the result of speech
recognition and a speech recognition system. The method comprises the following steps :
marking the error characters in the result of speech recognition; inputting the correct characters
corresponding to the marked error characters by the input based on characters-shape; recognizing
the stroke-based input; displaying the candidate characters; selecting the desired characters from
the candidate characters by the user; and replacing the error characters with the selected
characters, said method characterized by further comprising steps: filtering the candidate

characters by means of the acoustic information of the error characters.
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A METHOD FOR CORRECTING THE ERROR CHARACTERS IN THE RESULT
OF SPEECH RECOGNITION
AND THE SPEECH RECOGNITION SYSTEM USING THE SAME

Field of the Invention
The 1invention relates to a speech recognition technology, and in particularly, to a method for

correcting the error characters in the result of speech recognition and the speech recognition

system using the same.

Background of the Invention

A speech recognition technology is a technology for accurately recognizing the human
speech (for example, character, word, sub-sentence, sentence etc.)by using computer and digital
signal processing technology. Speech recognition is based on collecting the various valuable
speech characteristics to be recognized, forming the acoustic model to be recognized, and
comparing with the sample model stored in the computer, as well as recognizing what are the
character and word through pattern classification methods. Speech recognition process is a
recognition process for syllable or word language composition etc. No doubt speech recognition
1s a fast and effective way to input text into a computer. Though a great deal of research for
speech recognition has been performed until now, the recognition in continuous speech, speaker
independent, and long word 1s in the exploring stage because of the complex of the language.
The error correction for the result of speech recognition is an indispensable step, because the
accuracy of speech recognition can never reach 100%.

The friendliness and efficiency of the alternative input methods in the error correction
process 1S very important since it is a part of the complete speech input process, and it can be a
deciding factor regarding user’s acceptance of the speech input methods. Generally, different
input methods such as handwriting input or various types of the stroke-based input have been
used to correct the error characters in the result of speech recognition because the users of the
speech recognition system often do not want to use keyboard or are not familiar with it, and these
users more desirably use the stroke-based handwriting input methods, such as handwriting input,

stroke-based input or stroke type-based input, which are approximate to the nature handwriting
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habits. However, such handwriting recognition technology is not a mature technology, thus the
error correction efficiency for the result of speech recognition is reduced. The current various
error correction methods so far used for the result of speech recognition has not been taken
advantage of the useful acoustic information generated from the speech recognition process. The
object of the invention is to use effectively the useful acoustic information generated from the
speech recognition process, so as to improve the error correction efficiency of speech

recognition, that is, to improve the reliability and speed of the error correction.

Summary of the Invention

The mvention fully exploits the useful acoustic information obtained in the speech
recognition process to maximize the error correction efficiency for the result of speech
recognition by using the alternative stroke-based input methods. The invention automatically
retains and processes the valuable acoustic information from the speech recognition process. This
1s accomplished via the internal data transfer and the incorporation of an evaluation procedure
involving several statistical models. The invention uses a confusion matrix to generate an
acoustic model, and the acoustic model cooperates with character level and word level language
models to optimize the error correction processing.

According to an aspect of the invention, a method for correcting the error characters in the
result of speech recognition is provided, comprising:

marking the error characters in the result of speech recognition ;

inputting the correct characters corresponding to the marked error characters by the input
based on character-shape;

recognizing the input based on character-shape;

displaying the candidate characters;

selecting the desired characters from the candidate characters by the user; and

replacing the error characters with the selected characters,

said method is characterized by further comprising the step: filtering the candidate characters
by means of the acoustic information of the error characters.

According to another aspect of the invention, a speech recognition system is provided,

comprising: voice detection means for collecting the user’s speech; the pronunciation probability
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calculation means, which, for every pronunciation in the acoustic model, gives the probability
estimation value of whether 1t 1s the same as the speech sample; word probability calculation
means, which, according to the language model, gives the probability estimation value of the
word occurring in the current context; word matching means for calculating a joint probability
through combining the probability value calculated by the pronunciation probability calculation
means with probability value calculated by the word probability calculation means and taking the
word with the greatest joint probability value as the result of the speech recognition; context
generating means for modifying the current context by using the above recognition result; and,
word output means,

saild speech recognition system is characterized by further comprising error correction
means, user marking the error characters in the result of the speech recognition by means of the
error correction means, imnputting the correct characters corresponding to the error characters by
the mput based on characters-shape, and the error correction means recognizing the stroke-based
Input, generating candidate character and filtering the candidate characters by means of the

acoustic information of the error characters.

Brief Description of the Drawings of the Invention

The other objects and features of the invention will become more apparent from the detailed
descriptions of the preferred embodiments of the invention in conjunction with the
accompanying drawings in which:

Figure 1 1s a particular operation flow for correcting the error characters in the result of
speech recognition according to an embodiment of the invention;

Figure 2 is a general flow chart of the method correcting the error characters in the result of
speech recognition according to an embodiment of the invention;

Figure 3 1s a general flow chart for filtering the candidate characters by means of the
acoustic mformation of the error characters obtained from a confusion matrix according to an
embodiment of the invention;

Figure 4 1s a schematic diagram of the composition of the prior art speech recognition

system;
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Figure 5 shows a speech recognition system correcting the error characters in the result of

speech recognition according to an embodiment of the invention; and

Figure 6 1s an error correction screen according to an embodiment of the invention.

Detailed Description of the Preferred Embodiment

In Fig. 1, there 1s showed an operation flow for correcting the error characters in the result of
speech recognition by handwriting input according to an embodiment of the invention. When
error characters are found in the result of the speech recognition, the correction is performed in
the following steps:

Step 101: the user performs dictation, and the dictation may be repeated many times to get
correct results;

Step 102: the speech recognition (SR) results are displayed on the screen;

Step 103: the user marks the error characters to be corrected;

Step 104: the system uses the acoustic identity of the error characters to retrieve the acoustic
information associated with this error (in the form of statistical models) and incorporate it
together with language models for ranking or selecting the candidates;

Step 105: with the alternative input methods such as handwriting input methods, the user
inputs the correct characters corresponding to the marked error characters;

Step 106: when a recognition step 1s completed in the alternative input process, the system
utilizes the models in Step 104 to rank the current candidate list to achieve better accuracy and
speed; '

Step 107: the resulting candidate list is displayed either in part or in total on the screen;

Step 108: the user selects the correct characters by the cursor etc.

Figure 2 shows the error recovery procedure for the result of speech recognition when using
the stroke based keyboard or handwriting inputs, as shown in Figure 2:

Step 201: the user completes the first pass of dictation;

Step 202: the speech recognition (SR) results are displayed on the screen;

Step 203: the user checks the results. If there are no errors in the recognition results, then no
correction 1s necessary and the input procedure is completed. If there exist one or more errors in

the recognition results, the user marks the error to be corrected. This may be a word of multiple
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characters. The user will typically ask for the candidate list. If the correct character is in the list,
the user goes to Step 209, otherwise the user goes to Step 204. This step is repeated for each
error 1n the speech recognition results.

Step 204: the user inputs by speech the correct character (or word) corresponding to the
marked error character (or word). The speech recognition machine will decode it with the
acoustic model only (i. e., with the language model disabled). If the correct character (or word)
appears as a candidate on the screen, the user goes to Step 209;

Step 205: if the character (or word) appeared on the screen is not correct, the user may
choose to repeat Step 204 again;

Step 206: when the error persists, the user begins to input the correct character, that is, to
input in sequence of the strokes of the character;

Step 207: according to the syllable type of this error character from Step 204, the system
retrieves the corresponding statistic models associated with this error character from a confusion
matrix. These models captures the statistically significant features of the error character, which
may consist of the distributions of first Pinyin alphabets and /or the vowels of the error character.

Step 208: the acoustic models obtained from Step 207 are then combined with character and
word level language models, leading to a probabilistic evaluation of the likelihood figures of
candidate characters (or words) during the sequential stroke input process. These integrated
models are used to rank and order the current set of candidates in the stroke based input system
for high error correction efficiency.

Step 209: the user selects the correct character needed through clicking, and inputs its order
number in the candidate list.

In following, combining with Figure 3, a process will be described in which, according to a
particular embodiment of the invention, the candidate characters are filtered by using the acoustic
information obtained from the confusion matrix.

The acoustic information from the speech recognition process is used to rank and order the
candidate characters (or words) effectively. It is described in detail as follows for the given error
characters (or words) how to collect the acoustic information from the confusion matrix
previously generated. It will be also described how to filter the candidate characters (or words)

by combining the language model on the basis of the probability statistical model.
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First, 1t will be introduced how to generate a confusion model. A confusion matrix is
supposed to be generated in advance from speech input error data, and captures the error
probabilities of the all syllables in the continuous speech input.

A syllable set in the Chinese is defined as:
SSet = {Sy, S,, ..., Sn}
In order to get the candidates for each decoded error E, we need to get the probability of
each candidate character given the syllables of the decoded characters and its contexts, i. e.
P(C| Suz, H)
where C means a certain candidate, Syg is the sequence of the syllables of the decoded

characters, including the syllable of the decoded error itself and its nearest history, i. €. Sgg = S
(H) +S (E), where S(H) means the sequence of the syllables of H and S(E) means the syllable of
E. H is its history of the language contexts. Then we rank the candidates according to the value

of above probability.
With Bayes's rule, we can get that
P(CSyH) _ P(SyH | C)P(C)
p(c| Sk, H) = P(S g ) P(S e H )

Because Sy 1s the pure acoustic and H is pure language events, so we can regard them as

independent variables. And Sue and H are determined for a given decoded character. So the

above equation can by simplified as
P(SyH | C)P(C)
Rank TOuf) = RankP(Sud C)P(HI C)P(C)

P(C |5y )P(C | H)
= Rank P(C) (1)
For practical reason, we simplify P(C| Sue) as P(Cs| Sg), where C, represents the syllable of

C, Sk 1s the syllable of the decoded error characters. The simplification indicates we ignore the
acoustic context S(H) and group the characters with same syllable into one class.
While training, we take M test speakers, every speaker reads N test sentences. We decode

these sentences for these speakers in syllables disregarding language model.
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For each syllable St 1n the test sentences, if it is decoded as Sp, where Sp could be St itself,
we increment Count(St - Sp) one step in the confusion matrix below. Then we can get the
probability of St being recognized as Sp:

Count(S, —§,)
P(Spl St) = 2. Count(S; — 8§ M—;

for all Sye SSet

where St, Spe SSet, Count(St - Sp) is the times of St being recognized as Sp, >.Count(St -

Sm) 1s the summation of the row St, which means the total times St being recognized as any

syllable Sye SSet. We can save P(Spl S1) in the final confusion matrix.

At the same time, we get:

Count(S,)
P(Sy) = > Count(S,,) 2)

for all Sye Training Data

Confusion Matrix

By using the confusion matrix, we are given the decoded syllable Sp, and we want to get the

probability Sp being from a certain S, i.e. P(S Sp). With Bayes’s rule

P(Sp | S7)P(Sy)
P(STI Sp) = P(5p)

When we calculate P(Csl Sg),
P(SD = SE I ST = CS)P(ST — CS)
P(Csl Se) = P(S=C4| Sp=S¢) = P(S, =S;)

P(Sp=Sk) is the same for all candidates, so it is no use for ranking. We get P(Sp=Sk | St=Cs)

and P(St=Sg) in equation (2) from the confusion matrix.
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While the above approach is suitable for listing candidates after a user completes his /her
speech nput the first time and looks for candidates with respect to a particular error character
(Step 203 in the error recovery procedure described above), here we focus on the situation that
the user has repeated the voice input for an erroneous character but failed, and is ready to use
stroke based input method (Step 206). That means the error persisted when the correct word was
uttered 1n a discrete mode.

Therefore the confusion matrix should be trained by character errors recorded in a discrete
speech input environment. Such a confusion matrix can be used together the language models to
rank and order the candidates generated in the stroke input process.

In order to be more robust against inaccuracies in confusion matrix entries (due to
insufficient training data, unfamiliar accents, etc.), the following modification of the confusion
matrix approach may be used to complement the original confusion matrix method. We may first
cluster the syllables into different starting consonant groups (including a group with the staring
consonant missing) and generate the consonant confusion matrix in the same way as we
described above. We may also cluster the syllables into different vowel groups and generate the
vowel confusion matrix. These matrices will give two independent acoustic models, which may
be combined with a character (or word) level language model to evaluate the overall likelihood
of effective candidates being the correct characters (or words).

Figure 3 describes a process for filtering the candidate characters by means of the acoustic
information obtained from a confusion matrix according to an embodiment of the invention.

Step 301: for the user's stroke-based input, recognition is made to generate a candidate list C
—_ {Cl, C, ...Cn};
Step 302: for every candidate in the candidate list C = {C,, C, ...C,}, the likelihood of

syllable Sc; of the candidate and syllable Sy of the recognized erroneous character is obtained

from the confusion matrix;
Step 303: whether the likelihood obtained from the confusion matrix is greater than a
threshold S or not is judged, if the judgment result is less than Sy, this candidate is removed

from the candidate list, and performing the Step 302 for the next candidate;
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Step 304: it the judgment result 1s that the likelithood obtained from the confusion matrix is
greater than or equal to S, this candidate is remained as a member in the candidate list to be

displayed to the user, and performing the Step 302 for the next candidate;
Step 305: after the above steps are completed for all the candidates in the candidate list C =

{C,, G, ...C,}, the candidates remained in the candidate list are displayed to the user.

4 7. ¢ =1 9y . . ., .
When“ 1 ”is decoded as “#& y for example, in a certain speech recognition process, we input

the stroke . «—> by means of the stroke-based input method in order to correct the error, at this

time:

Ce=(— T =4+t

If the acoustic information is not used, the correct character . is in the last position,

and the candidate list will be displayed as follows to the user via the processing of the above Step

301-305:
C={+ -+ it}

Thereby it is seen that the error correction efficiency can be improved by means of the
acoustic information.

In addition, we can use the language model (LM) to restrict the candidate list further. To use
LM to prune the candidate list, we note that since an error is assumed to occur in a discrete word
input environment, we only need to consider the unigram word language model. In other words,
we simply incorporate the single word frequency in the evaluation and ordering of active
candidates. We also recommend the weighting of acoustic and language models, and the reduced
weight on the language model will be more robust with an unfamiliar topic.

In addition, With a stroke based input, the set of all covered characters are organized as a
tree according to the stroke or stroke type sequence. When strokes (stroke types) are input
sequentially, the system will trace the tree and keep only the candidates hanging off the particular
k-- ¢ch it has traced to be active. The combined acoustic (confusion matrix) and language models
will be used to rank the current active candidates and order them according to their overall

likelihood value.

JP9-1999-0805 9




CA 02313968 2000-07-17

The effectiveness of such acoustically aided stroke inputs may be evaluated as follows.
When a stroke/stroke type input system is used independently without the aid of any a priori
acoustic information, it takes an average of 5.36 strokes to narrow the set of 6763 commonly
used characters down to a candidate list of 10 or under. When we use the character, word level
language model to anticipate the likely multi-character words, the average effective number of
strokes per character is reduced to 3.12.

When inputting strokes with the aid of a priori acoustic information, if we assume that 90%
(or 60%) of the first Pin-Yin alphabet of the erroneous character is correct, then the average
number of strokes for catching the top ten correct candidates in the candidate list is no more than
2.8 (or 3.7). If we assume that 90% (or 60%) of the vowel is correct, then the average stroke
number to catch the correct candidate is no more than 2.5 (or 3.4). With both models working
together (both consonant and vowel information used), the average stroke number reduces to no
more than 1.0027.

If the a priori acoustic information is provided through the 100-length confusion matrix,
while the speech machine cannot provide the correct character in top ten candidates, the stroke
based input method is needed. If the 10-100 confusion set can cover 60% of correct candidates of
the erroneous characters, our initial confusion matrix data lead to an estimate of the average
stroke number to be 3.572. These numbers are obtained using the acoustic models together with a
character level language model. With the word level prediction approach, the effective average
number of strokes per character will then be further reduced. This figure is estimated to be
2.2-2.56.

If there are other erroneous characters in the error word, the confusion matrix of other
erroneous characters will be used to provide respectively character candidates to be evaluated
together with the language model. The effective average number of strokes per character may
also be estimated.

Thereby it is seen that the error correction efficiency of the speech recognition can be greatly
improved by means of the acoustic information. A speech recognition system using such speech
aided method to perform error correction is described as follows.

As shown in Figure 4, a general speech recognition system consists of an acoustic model 7

and a language model 8. The acoustic model 7 includes the pronunciations of common words
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used m the recognized language. Such pronunciations is statistically summarized from the voices
which are pronounced by most people in reading a certain word, and represents the general
feature of this word. The language model 8 includes the use method of common words used in
the recognized language.

The operation process of the continuous speech recognition system shown in Figure 4
includes: a voice detection means 1 collects the user’s speech, for example, representing the
language as the speech sample, and sends such speech sample to a pronunciation probability
calculation means 2. The pronunciation probability calculation means 2, for every pronunciation
in the acoustic model 7, gives the probability estimation value of whether it is the same as the
speech sample. A word probability calculation means 5, according to the language habits
summarized from a great quantity of language materials, gives the probability estimation value
of the word occurring in the current context for the language model 8. A word matching means 3
calculates a joint probability (which represents the possibility of recognizing the speech sample
as this word) through combining the probability value calculated by the pronunciation
probability calculation means 2 with probability value calculated by the word probability
calculation means 5, and takes the word with the greatest joint probability value as the result of
the speech recognition. A context generating means 4 modifies the current context by using the
above recognition result, so as to be used by the recognition of the next speech sample. A word
output means 6 outputs the recognized word.

Figure 5 shows a speech recognition system for correcting the error characters in the result
of speech recognition according to an embodiment of the invention, in which system, the user
inputs the correct characters by means of a stroke type based input means 9, and an error
correction means 10, according to the acoustic model 7 and the language model 8, filters the
candidate list generated by a candidate list generation means 11.

The stroke type based input means may be either a writing pad or an input stroke or stroke
type means. There are several ways as follows to accomplish the stroke input with no additional
hardware requirement:

1. Design a map of Chinese strokes or stroke types using a sub-area on the common
computer keyboard for inputting strokes. Stroke types may be used for simplicity and reliability.

2. A virtual key set may be designed on the error correction screen.
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3. A user may draw with the mouse to identify a desired stoke. A recognition system can be
developed to recognize the complete set of strokes or stroke types.

4. Speech may be used to input strokes or stroke types.

In addition, during the error correction process for the speech recognition results, after the
user marks an erroneous word, the candidate list will pop up upon request. We describe here a
design of the error correction screen. As shown in Figure 6, the error correction screen consists
of a virtual keyboard for five stroke types and the candidate list on its right side. When the user
begins to use the virtual keyboard to input stroke types, the candidate list right next to it will
automatically be updated to show the new top candidates each time a stroke type is entered. This
user interface which integrates candidate list and virtual stroke keyboard on the same screen will
greatly improve the speed of the error correction.

A method for correcting the error characters in the result of speech recognition and a speech
recognition system having the error correction function according to the invention is described
above in conjunction with the particular embodiment. It is apparent for those skilled in the art
that various modifications can be made to the invention without departing from the spirit of the
invention, which directs to include all these modifications and changes, and the scope of which is

defined by the appending claims.
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CLAIMS

The embodiments of the invention in which an exclusive property or privilege 1s claimed are

defined as follows:

1. A method for correcting the error characters in the result of speech recognition, comprising the
following steps:

marking the error characters in the result of speech recognition ;

inputting the correct characters corresponding to the marked error characters by the input
based on character-shape;

recognizing the input based on character-shape;

displaying the candidate characters;

selecting the desired characters from the candidate characters by the user; and

replacing the error characters with the selected characters,

said method is characterized by further comprising the step: filtering the candidate characters

by means of the acoustic information of the error characters.

2. The method of claim 1, wherein said speech recognition is Chinese speech recognition, and

said characters are Chinese characters, Chinese words or the combination of them.

3. The method of claim 1 or claim 2, wherein the acoustic information of the error characters 1s

obtained from user’s dictation of the speech recognition phase.

4. The method of claim 1 or claim 2, wherein the acoustic information of the error characters is

obtained from user’s dictation of error correction phase.

5. The method of claim 1 or claim 2, wherein the acoustic information is the acoustic model from

a confusion matrix.

6. The method of claim 5, wherein the acoustic model cooperates with the language model of

character or word level to filter the candidate characters.
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7. The method of claim 1 or claim 2, wherein the candidate characters are organized as a tree,

and the tree is pruned by the acoustic information.

8. The method of claim 7, wherein the acoustic information is the acoustic model from a

confusion matrix.

9. The method of claim 8, wherein the acoustic model cooperates with the language model of

character or word level to prune the tree effectively.

10. The method of claim 1 or claim 2, wherein the candidate characters are integrated with the

virtual stroke keyboard on the same screen.

11. A speech recognition system capable of correcting the error characters in the result of the
speech recognition, comprising:

voice detection means for collecting the user’s speech;

the pronunciation probability calculation means, which, for every pronunciation in the
acoustic model, gives the probability estimation value of whether it 1s the same as the speech
sample;

word probability calculation means, which, according to the language model, gives the
probability estimation value of the word occurring in the current context;

word matching means for calculating a joint probability through combining the probability
value calculated by the pronunciation probability calculation means with probability value
calculated by the word probability calculation means and taking the word with the greatest joint
probability value as the result of the speech recognition;

context generating means for modifying the current context by using the above recogmtion
result; and,

word output means,
said speech recognition system is characterized by further comprising error correction means,

user marking the error characters in the result of the speech recognition by means of the
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error correction means, inputting the correct characters corresponding to the error characters by
the input based on characters-shape, and the error correction means recognizing the stroke-based
input, generating candidate character and filtering the candidate characters by means of the

acoustic information of the error characters.

12. The system of claim 11, wherein said speech recognition is Chinese speech recognition, and

said characters are Chinese characters, Chinese words or the combination of them.

13. The system of claim 11 or claim 12, wherein the acoustic information of the error characters

is obtained from user dictation of the speech recognition phase.

14. The system of claim 11 or claim 12, wherein the acoustic information ot the error characters

is obtained from user dictation of error correction phase.

15. The system of claim 11 or claim 12, wherein the acoustic information is the acoustic model

from a confusion matrix.

16. The system of claim 15, wherein the acoustic model cooperates with the language model of

character or word level to filter the candidate characters.

17. The system of claim 11 or claim 12, wherein the candidate characters are organized as a tree,

and the tree is pruned by the acoustic information.

18. The system of claim 17, wherein the acoustic information 1s the acoustic model from a

confusion matrix.

19. The system of claim 18, wherein the acoustic model cooperates with the language model of

character or word level to pruned the tree effectively.
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20. The system of claim 11 or claim 12, wherein the candidate characters are integrated with the

virtual stroke keyboard on the same screen.
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